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UPLINK INTERFERENCE REDUCTION IN WIRELESS COMMUNICATIONS SYSTEMS 



FIELD OF THE XNVENTZON 

This invention relates to reducing interference in wireless 
S communications systems . 

BACKGRODND TO THE ZNVENTXOXi 

Third Generation (3G) wireless commxmi cat ions systems such as the 
Universal Mobile Telecommunications System (UMTS) operate within a 

10 regulated portion of the RF spectnam. Figure 1 shows the current 
allocation of spectnim to 3G wireless systems. There are three 
separate bands of spectrum between 1900-1980MHz, 2010-2025MHz ctnd 
2110-2170MHZ. Together these are known as the 3G core band. 
Different telecoms operators are granted different parts of the 

15 spectriim within these bands for their uplink and . downlink 
channels. Uplink and downlink channels occupy separate frequency 
bands and a duplex pair of uplink and downlink channels is offset 
by a fixed frequency of 190 MHz. 

20 Increasing demand for services in this band has prompted 
manufacturers, operators and regulators to investigate the 
possibility of using additional spectrum outside of that 
originally allocated. One possibility for additional 3G spectrum 
which is ciirrently being considered is the band from 2,5 tp 

25 2.69GHz; this is being referred to as the 3G Extension Band. 
There are various ways in which the additional spectrum can be 
used. The Third Generation Partnership Project (3GPP) has 
proposed a range of possible scenarios for using the additional 
spectr\jm. In some of these scenarios, the extension band is 

30 wholly or primarily used for additional downlink channels to 
support higher bandwidth delivery to terminals. 

The applicant has identified a problem which can occur when the 
additional spectriim is used in this way. 

35 
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The present invention seeks to provide a way of minimising or 
overcoming this problem. 

SUHBUkRY OF THE INVENTION 

A first aspect of the present invention provides a method of 
operating a terminal in a wireless commTinications system, the 
system having a plurality of uplink and downlink channels 
available for use, the terminal being arranged to use an uplink 
channel and a downlink channel selected from the pltirality, the 
method comprising: 

determining whether the terminal is transmitting at a power 
which may cause interference to an adjacent uplink channels- 
determining which downlink channel is associated with the 
adjacent uplink channel; 

monitoring that downlink channel and deciding, on the basis 
of the monitoring, whether there is a need to operate the terminal- 
in a manner which will reduce interference. 

This method allows a terminal to take responsibility for operating 
in a *safe' manner, i.e. a manner- which causes minimal 
interference to other users, where both uplink and downlink 
channels of different connections are not adjacent to one another 
in frequency. The method is particularly applicable to systems 
which allow a variable duplex spacing between uplink and downlink 
channels. It is also particularly applicable to systems where an 
extension band of channels are added to a system such that the 
strict uplink-downlink duplex spacing which previously existed is 
not maintained for all connections. The invention is also 
particularly applicable to situations where channels are allocated 
to different operators who each have independently sited base 
stations and thus coverage of cell sites overlap in non- ideal 
ways . 
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The method can be implemented by software stored on a memory 
device in the terminal which is executed by a microprocessor or 
similar processing device. Alternatively, it can be implemented 
as equivalent hardware, such as an Application Specific Integrated 
5 Circuit (ASIC) as is well known in the eurt. 

The uplink and downlink may carry signals which are modulated 
according to any scheme. However, the invention is particularly 
applicable to systems which carry widebcuid signals said to systems 
10 where the modulation scheme results in -the modulated sicfnal having 
a non-constant envelope, i.e. a high peak-to-mean signal ratio, 
such as in Code Division Multiple Access (CDMA) and Wideband CDMA 
(W-CDMA) . 

. 15 While embodiments of the invention are described in the context of 
3G systems, the invention is by no means restricted to these 
systems. 

Other aspects of the invention provide a control apparatus for a 
20 terminal, a terminal incorporating the control apparatus, software 
for operating a terminal and a method of handling a connection 
between a terminal and a base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Embodiments of the invention will be described with reference to 
the accompcuiying drawings in which: 

Figure 1 shows frequency allocation to 3G wireless systems ; 
30 Figure 2 shows a wireless system with two operators; 

Figures 3 and 4 show allocation of channels in the core 36 bcuid; 
Figure 5 shows power distribution for a transmitting terminal; 
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Figure 6 shows allocation of channels in the core emd extension 
bands ; 

5 Figure 7 shows terminal apparatus ; 

Figures 8 A and 8B show a method performed by the terminal of 
Figure 7; 

10 Figure 9 shows transmitted power of a terminal; 
Figure 10 shows an example wireless system; 

Figures 11 and 12 show example channel allocations in the 
.15 extension band; 

Figrure 13 shows variable duplex channel allocations - 

DESCRXPTXON OF PREFERRED ^EMBODIMENTS 

20 Figure 2 shows an example wireless communications system with two 
operators: Operator A and Operator B. Each operator provides 
their own network infrastructure which includes base stations (BS 
A, BS B) cind an associated backhaul network (not shown) . Each 
operator is allocated a different portion of the overall 3G 

25 spectrum. A terminal (user equipment UE B) subscribes to the 
service provided by operator B. A downlink 20 to the terminal UE 
B and an uplink 10 to the base station BS B are provided by 
channels on different frecjuencies, as shown in Figure 3. For each 
operator, the uplink and downlink channels are spaced by a fixed 

30 amount, known as the duplex spacing. For the 3G core band the 
duplex spacing is 190MHz. 

In order to obtain a better under st guiding of the present 
invention, an existing scenario will now be described in more 
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detail with reference to Figures 3 and 4 . As best shown in Figure 
4, uplink and downlink channels are strictly allocated in pairs 
(see dashed lines joining uplink and downlink pairs) with a fixed 
frequency duplex spacing. Operator A is allocated adjacent uplink 

5 and downlink frequency beuids to Operator B, i.e. uplink channel 10 
used by a terminal or user equipment UE B is adjacent an uplink 
channel 30 used by a terminal UE A and a downlink channel 20 used 
by BS B is adjacent a downlink channel 40 used by BS A, Due to 
the non- ideal manner in which operators independently construct 

10 their networks, terminals assigned to one operator may sometimes 
encoxuiter interference from another operator. Referring again to 
Figure 2, this shows a terminal UE B which is distant from it's, 
servicing base station BS B but close to the base station BS A of 
euxother operator, operator A. In the uplink direction, an uplink 

15 transmission 10 from terminal UE B will be received by base 
station BS A due to the omni directional transmission 
characteristics of terminal UE B. The extent to which the uplink 
10 is received depends on the adjacent channel leakage ratio 
(ACLR) of tezminal ec|[uipment, the adjacent channel selectivity 

20 (ACS) of base stations, the transmit power of terminal UE B aiid 
the proximity of terminal UE B to BS A. 

In the downlink direction, terminal UE B will receive downlink 
trcoismission 20 from BS B as well as the downlink transmission 40 
25 from BS A. The extent to which the unwanted downlink transmission 
40 is received by UE B depends on the ACLR of UE B, the ACS of BS 
A, the transmit power of BS A and the proximity of BS A to UE B. 
The sources of interference are shown on Figure 4 as I. 

30 As terminal UE B moves further from the base station BS B, the 
transmit power of UE B is increased, in a known manner, to provide 
an acceptable quality of communication with BS B. As terminal UE 
B increases its transmit power, there will begin to be a 
deterioration in the quality of communication on the adjacent 
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uplink channel 30 used by operator A. As a consequence, base 
station BS A will perceive a problem and will increase transmit 
power on the adjacent downlink channel 40 to maintain an 
acceptable qpiality of communication. This situation can repeat 
5 itself, with the terminal UE B and base station BS A increasing 
their respective levels of transmit power. This situation is 
known as the ^near-far' effect. Eventually, terminal UE B will 
reach a maximxam level of trcuismit power but still achieve an 
unsatisfactory quality of communication. When the quality of 
10 communication deteriorates sufficiently terminal UE B can request 
a handover to an alternative frequency channel which should 
improve the quality of communication. Thus, there exists an 
escape mechanism from this problem of interference. 

15 Figure 5 shows a typical profile of power against frequency for a 
wideband CDMA (W~CDMA) terminal. As expected, it can be seen that 
: the majority of the transmit power is concentrated within the 
allotted CDMA channel 80. However, some power is located in bands 
81, 82 adjacent the allotted channel. It is these bands 81, 82 

20 together with the non-constant envelope of the CDMA or W-CDMA 
modulation scheme which give rise to the interference problems 
outlined above. Other wireless systems such as GSM are designed 
with a much * tighter' specification which* cannot readily be 
achieved in wideband systems . 

25 

Now, one of the proposed scenarios for use of spectrum in the 
extension band will be described. Part, of the extension band is 
allocated for additional downlink channels. An example allocation 
is shown in Figure 6. The uplink 10 of operator B lies in the 
30 core band, as in Figure 3, with an uplink 30 of operator A 
occupying the adjacent frequency channel. The downlink 25 of 
operator B lies in the extension band and no longer lies adjacent 
to the downlink 4 0 of operator A. A consequence of downlink 25 of 
operator B not lying adjacent the downlink 40 of operator A is 
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that the escape mechanism previously described is not available, 
i.e. as terminal UE B increases it's transmit power, it does not 
see a corresponding increase in interference from the downlink 40 
of BS A, and therefore will not- reach a point where it requests 
5 handover to an alternative frequency - 

In accordance with the invention, terminal UE B monitors usage of 
channel 40, i,e- the channel which lies adjacent the position that 
would have been used for the downlink 20, had the downlink 

10 occupied it's usual position within the core band. In this way, 
the terminal UE B can determine whether the * near- far' problem 
exists and ccui take action to alleviate the problem, even though 
the terminal is not actually using a downlink in the core baiid. 
Stated another way, terminal UE B monitors usage of a downlink 

15 channel which is paired with an uplink channel that is adjacent to 
the uplink channel currently in use by the terminal. This is 
important because the interference caused by a single user 
terminal, UE B, can affect a number of users in network A. 

20 Figure 7 shows an example of terminal equipment and Figures 8A, 8B 
show a method performed by the terminal equipment. The terminal 
can be a fixed or mobile terminal. 

In Figure 7 the terminal equipment comprises equipment 210 for 
25 operating within the extension bcuid and equipment 220 for 
operating within the core band. The core band equipment 220 
comprises a core band filter 222, a transmit chain 232-238 and a 
receive chain 242-249. Both bcuids share a common antenna 205. 

30 The transmit chain includes a local oscillator 236 for translating 
the signal which is to be transmitted from an intermediate 
frequency to the ultimate transmit frequency, a power amplifier 
234 and a full-band filter 232 . The transmit chain also includes 
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a power coupler 237 and power detector 238 for measuring the level 
of transmit power. 

The receive chain includes a full-band filter 242, amplifier 244, 
5 local oscillator 246 euid IF narrowband filter 247. The receive 
chain also includes a coupler 248 and receive signal strength 
indication (RSSI) unit 249. 

Extension band equipment 210 includes an extension band filter 
10 212, amplifier 214, local oscillator 216 and IF narrowband filter 
218. 

Extension band 210 and core band 220 equipment is connected to IF 
and baseband processing stage 250 in a manner which will be well 
15 iinderstood by a skilled person. 

A radio service manager (RSM) 260 controls operation of the 
terminal 200. 

20 Figures 8A, SB show a method of operating the terminal, which will 
be performed by the radio service manager 260. The steps of this 
method relate to a system where there is a core band of channels 
with a known, fixed, duplex spacing and an extension • band 
containing downlink channels. Firstly, at step 301, the terminal 

25 determines whether it is using a downlink channel (from the base 
station to the terminal) in the extension bcuid. The following 
steps of the method need only be performed if the terminal is 
using a downlink in the extension band. 

30 If the terminal is using a downlink channel in the extension band, 
the RSM determines, at step 302, the transmit power of the 
terminal on the uplink using the coupler and power detector 237, 
238. The power measurement derived in this way represents the 
total transmit power of the terminal which will, in reality, be 
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spread across the current uplink channel and, to a much lower- 
extent, across adjacent chcinnels, as shown in Figure 9. Thus, in 
a preferred scheme, the terminal proceeds to* derive, from this 
total transmit power measxirement , a measure of the power on sin 
5 adjacent channel. This represents the amount of interfering 
power. The adjacent channel (interfering) power can be derived 
from a look-up table, direct calculation or similar means. If a 
look-up table is used, the table will comprise a table of values 
of adjacent channel (interfering) power corresponding to each 
10 value of total transmit power. The value of transmit power on an 
adjacent channel is corapsired with a threshold P( interference) at 
step 304. If the transmit power on cui adjacent channel falls 
below the threshold P (interference) , then the following steps do 
not need to be performed since the 'near-far' problem outlined 
15 above will not be serious enough. Also, if the interfering 
transmit power on an adjacent channel is less than the threshold, 
the uplink power can safely be increased without risk of 
interference with other users. 

If the transmit power on an adjacent channel exceeds the threshold 
P (adjacent uplink) then the terminal could be causing interference 
on the uplink. However, as explained above, because the terminal 
is not using a downlink within the core band it does • not 
experience interference on its own downlink and thus does not 
*know' that it is causing interference on the uplink. If the 
transmit power exceeds the threshold P( adjacent uplink), the 
terminal proceeds to step 306 to monitor usage of a downlink 
channel which is adjacent to the one that would ordinarily be 
paired with the uplink channel in use by the terminal. To achieve 
this, the terminal tunes, using local oscillator 246, to the 
adjacent channel, which is located at f (uplink + duplex spacing + 
A) , where the duplex spacing = 190MHz and A = the CDMA channel 
spacing = 5 MHz, and measures the receive strength indication over 
a short duration. Referring to Figure 6, 20 represents the 



20 



25 



30 
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position of a downlink which would ordinarily be paired with the 
uplink 10 and 40, 45 represent adjacent channels to the downlink 
20 which would normally be paired with the uplink 10. The RSM 
then performs a test as to whether the terminal is causing 
5 ^significant interference' to the adjacent uplink 30. This test, 
which is a calculation using- the measured RSSI suid other 
q[uantities, is explained in more detail below. If, at step 308, 
the test indicates that there is a likelihood of significant 
interference, the RSM proceeds to step 312 to select a candidate 
10 alternative channel for the uplink. 

If the result of the test, at step 308, indicates that there is 
not a likelihood of significant interference, then the RSM 
proceeds to step 309 to monitor usage of the other adjacent 

15 channel by tuning to the other adjacent channel at f (uplink + 
duplex spacing - A) and measuring the receive strength indication 
over a short duration. A test is made, at step 310, as to whether 
there is a likelihood of significant interference with this other 
adjacent channel. If there is not a likelihood of significant 

20 interference then the RSM can return to the start to begin the 
method again, preferably after a suitable wait. 

If, at step 310, the test indicates that there is a likelihood of 
significcuit interference, the RSM proceeds to step 312 to select a 
25 candidate alternative channel for the uplink. 

At step 312 the RSM selects a candidate alternative chcuinel (12, 
Figure 6) . The RSM checks, at step 314, whether the candidate 
alternative chcuinel is available for use by the terminal. If the 
30 candidate alternative channel is available then the terminal 
proceeds to step 316 to monitor the RSSI on a downlink channel 
(41, 42, Figure 6) which is adjacent the core band downlink 
channel 22 that is paired with the potential new channel. At step 
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318 a test is made as to whether the terminal would cause 
significant interference with an adjacent chaumel. 

If the terminal is unlikely to cause significant interference by 
5 using the candidate channel, the RSM initiates a handover request 
to the network by sending a signal to the base station in a robust 
manner, such as by using a transmission with a high spreading 
factor. If the network agrees, then the terminal moves to the new 
channel. Otherwise, cuiother candidate channel is chosen at step 
10 312. 

Retximing again to step 314, if a candidate alternative chcuinel is 
unavailable, such as in a rural area, then the terminal may be 
able to reduce the data rate used on the uplink, which has the 

15 effect of increasing processing gain on the uplink at steps 324, 
326. In the event that no alternative channels are available and 
the data rate cannot be reduced, then the terminal has the final 
option of suspending or dropping the call. Suspending the call is 
a possibility where the call is not a real time call, e.g. it is 

20 part of a data .session rather than a voice connection. In the 
event of suspension, the user will experience a short delay. 
There are a number of possible ways of handling a call which has 
been suspended. One option is for the terminal to return to step 
306 to monitor RSSI on a channel adjacent to the downlink channel 

25 in the core band paired with the uplink. The terminal can 
periodically measure RSSI until it falls below an accept£ible 
level. After a period of waiting the terminal may drop the call 
and restart - 

30 There is a further alternative (step 330) for terminals which 
support other radio systems in addition to 3G. Many 3G terminals 
can also operate on legacy systems such as GSM or the GSM General 
Packet Radio Service (GPRS) . In the event that there is not a 
candidate alternative channel which is available at step 322, the 
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RSM can reccuest a move to an alternative radio system such as a 2G 
system like GSM or GPRS, 

In the event that the terminal -is imable to find or move to an 
5 alternative channel, system or operating state quickly enough, the 
call may be dropped. 

Steps 316, 317 of monitoring RSSI on an adjacent channel and 
testing suitability of the candidate channel are not essential and 
10 the terminal may simply request to move to a candidate alternative 
chaxmel if one is available. 

In Figure 7 the power is measured by a direct measurement of the 
power at point 237, following the power amplifier 234. In an 
15 alternative method, the terminal may estimate the transmit power, 
without measuring the actual power, by using information about . the 
gain at which the RSM 260 has selected to operate the power 
amplifier 234, 

20 To more fully illustrate the invention, an example system and 
three different example scenarios will now be investigated with 
reference to Figure 10. 

Example system parameters: 
25 Base station TX power per carrier = 20 Watts {43dBm) 
Cable loss = 3dB 

Base Station Antenna Gain =:= 17dBi 
UE TX Power = 21dBm maximum 

UE ACLR = 33dBc at 21dBm, rising to 3 6dBc at and below 9dBm. 
30 Assume infinite base station adjacent channel selectivity and 
ignore other effects, such as intermodulation. 

A terminal UE will be taken to cause * significant interference' to 
an adjacent base station BS B when the level of interference is 
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equal to the level of thermal noise. The level of thermal noise 
is assumed to be -135dBm. 

The interfering power on an adjacent uplink channel is related to 
5 the total uplink power and the characteristics of the transmit 
chain. This can be approximated by: 

P (adjacent uplink) = TX Power - ACLR - min. path loss [Eqn. 1] 

If P (adjacent uplink) > -135dBm in the region of the base station 
10 antenna then there may be an interference problem. 

If P (adjacent uplink) is high enough that it could cause a 
problem, RSSI on an adjacent downlink is measured. 

15 A test for whether the adjacent channel interference is 
unacceptable, using the specific values given above is as follows: 

Downlink RSSI(dBm) + Uplink TX power (dBm) [Eqn. 2] 

- ACLR (at TX power, in dBc) > -7 8 

20 

where : 

Downlink RSSI is the measured RSSI on the downlink channel paired 
with the uplink adjacent to the uplink currently being used by the 
terminal ; 

25 Uplink TX power is the power derived from a look-up table at step 
302, Figure 8A. 

Scenario 1 

Minimum coupling loss between BS A and UE B is assximed to be 90dB. 
30 UE TX power = -20dBm. 

A terminal meeting the 3GPP requirement for ACLR of 33dBc could 
not cause 'significant interference' since: 
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P( adjacent uplink) = TX Power - ACLR - minimum path loss 
P (adjacent uplink) = -20 -33 -90 

= -143dBm. 

Since this is below the thermal -noise threshold of -135dBm, RSSI 
5 monitoring need not occur. 

Scenario 2 

Downlink RSSI = -58dBm, implying a path loss of llSdBm between UE 
B and BS A. 

10 UE B TX Power = ISdBm, ACLR at ISdBm = 35dBc 
The uplink received interference will be 

-20dBm -115dB = -135dBm which is equal to thermal noise. 

Checking Eqn 2 : 
15 -58 + 15 - 35 = -78 

Scenario 3 

RSSI = -SOdBm, implying a path loss of 107dBm between UE B and and 
BS A. 

20 UE B TX Power = jBdBm, ACLR at 8dBm = 36dBc 
The uplink received interference will be 

-28dBm -107dB = -135dBm which is equal to thermal noise. 

Checking Eqn 2 : 
25 -50 + 8 - 36 = -78 

Figures 11 and 12 show some possible frequency allocation schemes 
for the extension band spectrum. In each case, downlink channels 
in the extension band (410, 420, 430, 440) are paired with uplink 
30 channels 400 in the core band. In Figure 11 multiple downlink 
channels (410, 42 0, 430) in the extension band are paired with 
uplink channels (400) in the core band. In each of these schemes 
there is a possibility that the uplink and downlink channels of 
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connections are not both adjacent one another in frequency and 
thus the above described 'near- far' problems cannot be detected. 

Figure 13 shows a similar diagram to that of Figure 4, with a bcuid 
5 of downlink channels and a band of uplink channels distributed 
among three different operators. Unlike Figure A, here an 
allocated uplink channel and downlink channel do not always have a 
fixed frequency duplex spacing. Downlink 701 euid uplink 702 are 
paired together but are offset by a different frequency offset 

10 compared to other pairings, such as channels 703 and 704, 705 and 
706. This irregular offset may result from \meven loading of the 
channels allocated to Operator B, with the allocation shown being 
the best or only possibility to support a connection. The 
irrecfular frequency offset gives rise to the same problem 

15 described previously. Namely, because uplink 701 and downlink 702 
supporting a connection 710 do not both lie next (in terms of. 
frequency) to an uplink and downlink supporting another 
connection, the terminal involved in connection 710 is not aware 
that it is causing interference to adjacent uplink 706. This is 

20 because the downlink 705 of connection 715 does not lie adjacent 
downlink 701 of connection 710. 

The same technique described previously ceui be applied* to this 
scenario. The terminal supporting connection 710 monitors 

25 transmit power to detesrmine whether it is likely to cause 
interference. If it is, then the terminal tunes to the frequency 
of downlink 705 to monitor RSSI on that downlink. The RSSl 
measurement can be used in the same manner as before to determine 
whether the terminal is causing interference to connection 715 and 

30 thus whether the terminal should seek cuiother uplink channel. 

The above embodiments describe a technique for use where two 
adjacent channels are used for uplink transmission and the paired 
downlink channels are non-adjacent. The technique is equally 
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applicable to the situation where two adjacent channels are used 
for downlink transmission and the paired uplink channels are non- 
adjacent. 

5 The above embodiments describe a technique which is largely 
performed by the terminal. However, some of the steps may be 
performed or at least aided by the network infrastructure. As an 
example, the step of identifying which downlink channel is paired 
with an uplink channel can be performed by a base station or 
10 network controller and signalled to the terminal, with knowledge 
of channel allocations that have been made. Any change to 
different operating state of the terminal (move to a new channel, 
move to a lower data rate, move to a new system) requires an 
exchange of signalling between the terminal and network. 

15 

The invention is not limited to the embodiments described herein, 
which may be modified or varied without departing from the scope 
of the invention. 



